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Silvar serves to beat the 
CTE blues 
Keith Gurnett 
I Continuing III-Vs Review's series of articles on packaging related topics in advanced semiconductors, we 
consider the demands of matching the coefficient of thermal expansion of a chip with that of its pack- 
age. Matching CTEs removes some of the thermal stress problems that cause GaAs surface cracks. Short 
term cyclic stress still occurs, however, under transient conditions of power switching and environment. 
A 
n important aspect of pack- 
aging a semiconductor de- 
vice is the stability of the 
die-substrate interface. The chip is 
normally bonded onto a substrate 
or a package using hard solder, soft 
solder, metal-filled epoxy, or glass. 
The package together with the die 
bonding layer serves the purposes 
of heat dissipation, mechanical 
support, and, sometimes, electrical 
conduction. With the increasing 
power requirements of today's 
chips, the quality of the die-attach 
and type of materials used can play 
a significant part in the ultimate 
device reliability. 
The thermal expansion mis- 
match between the die, the bond- 
ing materials and die package 
means that stress is introduced in 
the heating and cooling cycles. 
This may be the result of the heat- 
ing process during .die bonding, 
the power flow during switching 
or the normal environmental ex- 
cursions experienced uring life. 
The stresses generated during 
these mismatch periods may 
cause die cracking, especially on 
the passivated surfaces, thus allow- 
ing the ingress of contamination. 
The failure of GaAs integrated 
circuits due to die cracking has 
O 
O 
E 
o.  9', c~ -- 
8 
I . I J  - 
I - -  
6 
lm m 
> 
< 5 
m 
,4 
10 
Silvar-K /S i l var  
Alumina 
Kovar 
GaAs 
I I i I I I i 
100 150 200 250 300 350 400 
Temperature °C 
Figure 1: The coefficient of thermal expansion (CTE) for GaAs and some associated materials. 
long been a serious device reliabili- 
ty problem, because of the brittle- 
ness of the basic GaAs material. 
Failure analysis usually shows ex- 
tensive voids, cracks and segrega- 
tion of metal in the die attach 
medium, chip edge crazing on 
smaller devices and large cracks on 
the bigger die. 
Figure 1 shows the coefficient 
of thermal expansion (CTE) of ma- 
terials commonly used in packag- 
ing ICs. To overcome these 
reliability problems for multichip 
GaAs microwave packages and 
chip edge crazing, IC packaging 
has turned to a new family of sub- 
strate materials, Silvar and Silvar-K. 
Silvar was developed by Texas 
Instruments Inc's Metallurgical 
Materials Division based in 
Attleboro, Massachusetts, USA. It is, 
in fact, a derivative of Kovar with 
CTE characteristics lose matched 
to GaAs devices over the normal 
working temperature ange. 
By brazing a pedestal made 
from a Silvar-on Kovar base in GaAs 
packages, Mini-Systems Inc. of 
Plainville, Massachusetts, USA, has 
matched the packaging system by 
using Silvar which has a high ther- 
mal conductivity and a CTE curve 
that closely matches that of GaAs 
devices. Silvar reduces the overall 
temperature rise caused by power 
and buffer the thermal expansion 
mismatches in the system.This has 
increased reliability considerably. 
Silvar-K (shown in Figure 1) has al- 
so been used in the package con- 
struction to match the CTE of 
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RGURE 2: Cycfic variation of temperature~time transients. 
GaAs. In this case the whole pack- 
age base was used.The Silvar-K has 
a different ratio of nickel/ iron to 
silver enabling brazing to a Kovar 
frame at the higher temperature of 
400°C. 
Unfortunately, the matching of 
this expansion parameter  only 
works for temperature differentials 
in the stable state. In the transient 
state, when the differentials are 
stimulated by changes in environ- 
ment, or in the case of internal dis- 
sipation due to switch on or 
switch off, mismatch still occurs 
until equil ibrium is attained. 
This effect is shown in Figure 2. 
These transient stresses are at a 
much lower level than the 
unmatched stress reduced by 
matching but can still be a haz- 
ard in extreme cases of cyclic 
variations. 
Contact$: 
Texas Instruments, 
Metallurgical Materials Div., 
34 Forest St., Attleboro, MA 02703. 
Tel: + 1-508-699-3800; 
Fax: + 1-508-699-5339. 
Mint-Systems Inc., 
Electronics Package Div., 
168 Bacon St., Box 1597. 
Plainville MA 02762 
Tel: + 1-508-695-2000 
Fax: + 1-508)4395-8758 
 inking Blue? 
Think Blue Ammonia: 
If you're thinking blue lasers and blue LEDs, you should 
be thinking Blue Ammonia from Solkatronic Chemicals. 
With a minimum purity of 99.99994%, it's the purest 
on the market today. We've developed this higher purity 
ammonia for use in ultra sensitive Gallium Nitride 
(GaN) processes for the production of blue lasers 
and blue LEDs. 
Blue Ammonia is packaged in Solkatronic's microPure ® 
cylinders to ensure manufacture-to-delivery purity. 
A Certificate of Analysis, with a complete gas and liquid 
phase metals anal~iS, accompanies each shipment. 
If you re thinking blue lasers and blue LEDs, think 
Blue Ammonia from Solkatronic Chemicals. 
Blue Ammonia 
Specifications 
Argon < 20 ppb 
Carbon Dioxide < 100 ppb 
Carbon Monoxide < 50 ppb 
Hydrogen < 100 ppb 
Oxygen < 100 ppb 
THC (as Methane) < 50 ppb 
Water < 200 ppb 
Solkatronic 
Chemicals 
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